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Occupational exposures may increase the risk of exocrine pancreatic cancer. This
study aimed to identify occupations that in Spain may be associated with such
risk.

Incident cases of pancreatic cancer and hospital controls were prospectively
identified and interviewed during their hospital stay. Occupational history was
obtained by direct interview with the patient and was available for 164 (89%)
of 185 pancreatic cancer cases and for 238 (90%) of 264 controls. Occupations
were coded according to the Spanish version of the International Standard
Classdlcatlon of Occupatlons 1988

A 51gr11f1car1t increased odds ratio (OR) was observed in men for physical,
chemistry and engineering science technicians’. Elevated risks were also found
for ‘metal moulders, sheet-metal workers, structural metal workers, welders and
related workers’, ‘painters and varnishers” and ‘machinery mechanics and fitters’.
‘Agricultural workers” did not present an increased risk for pancreas cancer in
men. In women, however, high OR were observed for ‘agricultural workers” and
for ‘textile and garment workers’. Most associations remained unchanged after
considering long duration of the exposure and the period 5-15 years before
d1agn051s

Few occupatlons were at increased risk for pancreatlc cancer, . and the associations
observed are in accordance with previous studies. The increases in risk observed
for women in agricultural and textile jobs, and for men in the manufacture of
dyes and plgrnents may deserve further attention.
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Pancreatic cancer is a highly lethal malignancy whose aetiology
is largely unknown. The only firmly established and modifiable
risk factor is smoking, but it explains only a fraction of cases, !
and the association seems somewhat weaker in Mediterranean
countries.>> A recent meta-analysis on occupation has con-
cluded that occupational exposures may increase the risk of
exocrine pancreatic cancer.* However, studies have often been
negative, and no single occupation has consistently been
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shown to increase the risk of this malignancy.1'4_9 Because of
the clinical aggressiveness of the disease, many occupational
studies have been based on deceased cases; this fact limits the
quality of the information available for cases and constrains
the selection of controls. On the other hand, studies on pan-
creatic cancer relying on personal interviews!%-12 have
achieved response rates of 40-60%. In spite of these and other
limitations, an increased risk has been observed among
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workers manufacturing DDT (dichlorodiphenyltrichloroethane) 13

and, to a lesser extent, among those agricultural workers apply-
ing pestic:ides.6'14’24 Additional increases in the risk have
also been seen in dry c:leaning,9 the chemical industry,zs'26
leather tanning,”'28 plrin‘[ing,zzl’29 petrol derivatives,2430-31
mechanics,>%>33 metal industry, 233437 and textile industry
workers.®2328.32.38,39 The recent meta-analysis4 found signifi-
cantly increased risks for chlorinated hydrocarbon solvents and
for nickel compounds, and non-statistically significant risks for
chromium compounds, polycyclic aromatic hydrocarbons,
organochlorine insecticides, silica dust, and aliphatic and ali-
cyclic hydrocarbon solvents.* The proportion of cases of
pancreas cancer explained by occupational exposures has been
reported to be 1%,40 12%%* and 26%.24

In Spain, uncertainties surrounding occupational cancers are
especially large, since few studies exist; none is available for
pancreatic cancer.*! Although this neoplasm does not represent
one of the major causes of cancer mortality in Spain, its mor-
tality has increased dramatically over the last 40 years, showing
the steepest upward trend of all Europe.42 It is unknown to what
extent such an increase is related to the accuracy of death cer-
tification, changes in lifestyle or other environmental factors. 4243

The purpose of the present study was to identify occupations
that, in Spain, may be associated with an increased risk of
pancreatic cancer.

Material and Methods

Subjects

Methods have been described in detail elsewhere. 444 Briefly,
subject recruitment took place in 1992-1995 at five general
hospitals in eastern Spain. Incident cases of pancreatic cancer
(n =185) and hospital controls (n =264) were prospectively
identified and interviewed during hospital stay. Controls were
subjects free of pancreatic cancer who had been admitted to the
same hospitals with an initial diagnostic suspicion of pancreatic
cancer, biliary cancer or chronic pancreatitis. At the end of
recruitment, a panel of experts in pancreatic cancer reviewed
the primary diagnoses of all patients on the basis of all clinical
and pathological information available, including follovv—up.45'49
Occupational histories were obtained for 164 (88.6%) cases and
for 238 (90.2%) controls. Referents included 93 patients with
chronic pancreatitis, 34 with acute pancreatitis, 41 with other
cancers and 70 individuals with other benign pathologies,
mainly biliary pathology.

Trained monitors conducted interviews with patients during
the hospital stay. The questions concerned clinical history,
symptoms preceding admission, occupation and lifestyle. Most
interviews were conducted with the patient (88% with the
patient alone and 6% with the patient plus a relative). To assess
the reliability of responses, a sample of 110 relatives was
concurrently and separately interviewed, and high agreement
between the two sets of responses was found.** The study
protocol was approved by the Ethics Committee of the par-
ticipating hospitals, and patients gave their informed consent
prior to their inclusion in the study.

Occupational exposures

Patients were asked if they had ever worked in any of ten
activities a priori defined as potentially related to pancreas and
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biliary cancers, according to a review of the literature. These
were pesticide use, handling of petroleum derivatives, the
chemical industry, the metal industry, rubber industry, graphic
arts, jewellery, manufacture or repair of automobiles, leather
tanning, and the textile industry. When the patient reported
having worked in any of such activities, he/she was asked for
the duration of exposure, particular activity, and products to
which he/she had been exposed. In addition, they were asked
about any other activity performed for at least 6 years. The
occupations obtained were coded according to the Spanish
National Classitfication of Occupations 1994 (CN0O94), which is
adapted from the International Standard Classification of
Occupations 1988.

Statistical analysis

The risk for pancreatic cancer was estimated for any occupation
held for at least one year. Job titles were initially examined
based on one-digit major occupational groups and two-digit
subcategories. Risks for the a priori high-risk occupations were
further assessed by duration of exposure and by applying a
period analysis.

Univariate statistics were computed as custornary.44_51 Odds
ratios (OR) were calculated to estimate the magnitude of asso-
ciations between each occupational exposure and pancreatic
cancer. The associations were explored separately for men and
women. Multivariate-adjusted OR and 95% CI were estimated
by unconditional logistic regression. The following potential
confounders were included in the models: age (quartiles),
hospital, smoking (five categories: non-smoker and quartiles for
pack-years), coffee consumption (number of weekly cups
during the year prior to the first symptom), and alcohol use
(non-drinker, occasional, low consumption, high consumption
and heavy drinker).5 2 Allowance for other potential confound-
ing variables (e.g. schooling, diabetes) did not substantially
modify any of the estimates. If the observed number of people
in one cell of the contingency table was zero, the Woolf-
Haldane correction was applied.’ 3 The level of statistical sig-
nificance was set at 0.05 and all tests were two-tailed.

Results

There were no differences in the distribution of age, gender and
study centre between patients who provided occupational infor-
mation and those who did not. Main characteristics of cases and
controls are shown in Table 1. Pancreatic cancer cases were on
average about 5 years older than controls in both men and
women. Differences between cases and controls in years of
education, and tobacco, alcohol and coffee consumption were
not statistically significant. In particular, heavy alcohol drinkers
were more frequent among controls, due to the presence of
subjects with pancreatitis. These differences will be accounted
for through multivariate analysis.

The median number of occupations reported by men and
women was two and one, respectively (P < 0.01). Among men,
almost 40% of pancreatic cancer cases reported having worked
as ‘skilled workers” (10% in women), one-third of patients had
worked as ‘machinery operators’ (25% in women), and one-
third as agricultural workers (25% in women). Among women
almost one-third of cases were exclusively housewives (18%
among controls) (data not shown).
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Table 1 Socio-demographic and lifestyle characteristics of cases and controls

Men

Women

Cases/controls

0Odds ratio?

(95% CI) Cases/controls Odds ratio® (95% CI)

No. of subjects 96/167

Age (years)
Mean (SD)

Regular coffee drinkers

@ Adjusted for age and where appropriate, hospital, education and consumption of alcohol, tobacco, and coffee.

b >26 pack-years.

Table 2 shows the risk estimators for pancreatic cancer
according to gender for all major occupational groups (one-
digit), and for subgroups (two-digit) with at least four exposed
subjects. In men, a 2.6-fold increase in risk of pancreatic cancer
was found for ‘general managers and government admin-
istrators’. This association was stronger within the subgroup
‘working proprietors (wholesale and retail trade)” (OR =12,
95% CI:0.9-157). For the major group ‘support technicians
and professionals” an OR of 2.1 was observed (95% CI : 0.7-6.0),
which rose to 20 (95% CI: 1.8-228) within the subgroup of
‘pPhysical, chemistry and engineering science technicians’, the
only subgroup whose increase in risk was statistically sig-
nificant. Non-significant twofold increased risks were found for
‘support professionals in financial and commercial operations’,
‘supervisor of stationary machinery operators’, and ‘machinery
fitters and machine assemblers’. Slight increases were observed
among ‘skilled workers in agricultural activities’, ‘unskilled
workers in agriculture and fishing’, and ‘unskilled construc-
tion workers’. In women, OR were elevated in ‘skilled workers
in agricultural activities” (OR=2.2, 95% CI:0.8-6.2) and
‘unskilled manufacturing industry workers” (OR =4.2, 95%
CI: 0.6-29) (Table 2).

When patients with pancreatitis were excluded from the
control group, the associations found for men tended to
decrease slightly; the exceptions being ‘general managers and
government administrators’” (OR =4.7, 95% CI:0.9-25),
‘finishing building workers” (OR=6.0, 95% CI: 0.6-60),
‘sheet-metal workers, blacksmiths, welders, structural metal
workers, toolmakers, machine-tool setter-operators, and related
workers” (OR=3.3, 95% CI:0.5-21). In women the OR
increased slightly in agricultural workers.

Results by duration of employment are shown in Table 3. In
men, the association observed for ‘physical, chemistry and
engineering science technicians’ remained unchanged (all
exposed subjects had worked for at least 20 years). Job titles
associated with a higher socioeconomic status (‘general
managers and government administrators” and ‘trade agents’)
showed increased OR when considering long duration of the
activity. The same pattern was apparent for construction-related
occupations (‘structural building workers’, ‘construction
machinery operators’, and ‘unskilled construction workers’),
and among ‘painters’, ‘supervisors of stationary machinery
operators’, and ‘machinery mechanics and fitters’. High
increases in risk were found when working less than 20 years as
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Table 3 Risk estimates for pancreatic cancer of selected occupational subcategories, by years of working and by gender

Years of working
CN0942 codes and job titles? 0 <20 20+

OR (95% CI) 1 0.19 (0.0-1.2) 11.5 (1.0-135)

4 CNO94: Spain’s National Classification of Occupations 1994 (adapted from ISCO 1988).
b One person can be included in more than one occupation.

¢ Adjusted for age, hospital, alcohol, coffee and tobacco.

d crude OR, computed with the Woolf-Haldane correction.
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Table 4 Risk estimates for pancreatic cancer by time window before diagnosis and by gender

Time window of exposure before diagnosis

CNO094? codes and job titles? No exposure 5-15 years >15 years

751. Metal moulders, sheet-metal workers, structural metal workers,
welders and related workers

OR (95% CI) 1 5.09 (0.2-106)

@ CNO94: Spain’s National Classification of Occupations 1994 (adapted from ISCO 1988).

b One person can be included in more than one occupation.

€ OR: Odds Ratio; CI: Confidence Interval. Adjusted for age, hospital, alcohol, coffee and tobacco.
d Crude OR, computed with the Woolf-Haldane correction.
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‘metal moulders, sheet-metal workers, structural metal
workers, welders and related workers’, or as ‘machinery
operators in the manufacture of dyes and pigments’. While
‘self-employed skilled workers in agricultural activities” did not
show any increase in risk, there were some indications of an
association among those who performed their activity as
employees. In women, increased OR were observed for any
duration of exposure among ‘skilled workers in agriculture” and
only for longer than 20 years of duration in ‘textile and garment
work” (OR =11, 95% CI: 1.0-135).

Table 4 shows the risk estimates by time period. Occupational
activities that showed increased risk when considering long
duration of exposure, were also found to be increased in the
period 5-15 years before the diagnosis. However, all risk esti-
mators tended to decrease slightly, except for ‘machinery mech-
anics and fitters” (OR=4.2, 95% CI:0.2-12), ‘construction
machinery operators” (OR =12, 95% CI:0.6-236), and
‘unskilled construction workers” (OR = 5.3, 95% CI: 0.5-60).

Discussion

Although most observed increases in risk were small and
statistically non-significant, some associations must be high-
lighted: ‘agricultural activities’, and ‘textile and garment workers’
among women; and with ‘physical and chemistry technicians’,
and ‘manufacture of dyes and pigments’, among men.

The increased risk of pancreatic cancer in agricultural workers
was more consistent among women than among men, since
among the latter an association was observed only among those
who carried out their activity as employees but not among men
who were self-employed. Lack of this association cannot be
attributed to low statistical power, since the probability of
detecting an OR of 2.5 among men was 90%.

Some authors have reported statistically significant risks of
pancreatic cancer in agricultural and related occupations. In
1976 and in 1983, Milham?? observed such risk among
nurserymen in Washington. Alavanja ef al.'# found an OR of
2.2 in workers employed in flour mills. And in 1992, Garabrant
et all3 reported a dose-response relationship in a cohort of
workers manufacturing DDT. Later, several other studies have
reported associations between pancreatic cancer and pesticide
exposure,®13717:19-22 41though most lacked information about
the specific type of pesticide used. Other studies found non-
significant increases in the risk of pancreatic cancer in
agricultural workers.!824 A recent meta-analysis4 reported a
meta-risk ratio of 1.5 (95% CI: 0.6-3.7) for organochlorine
insecticides. A different meta-analysis evaluating cancer risk
among farmers reported a slightly increased meta-relative risk
for pancreatic cancer only when considering proportional mor-
tality studies and case-control studies.”® Several studies®>~0
among workers manufacturing pesticides did not find increased
risks, although none had a substantial number of cases with
histological confirmation. Diagnostic misclassification for
pancreatic cancer has been shown to seriously bias risks.!3-¢1-60
The prospective identification of cases and the in-depth review
of diagnoses performed in our study45'49 greatly reduced the
potential for diagnostic misclassification. Some epidemiological
studies on pesticides may also have underestimated risks
because of the difficulty of estimating cumulative personal
exposure. Serum levels may provide accurate estimates of

individual internal dose for persistent compounds.67'68 Thus,
our findings on organochlorine compounds46 may also deserve
attention from an occupational perspective; we reported that
cases of pancreatic cancer were more likely to have serum
concentrations of p,p’-DDE than controls (multivariate-adjusted
OR for upper versus lower tertile: 5.6 [95% CI : 1.3-24.6], P for
trend 0.025).46

In agreement with other reports, the other important
association found among women in our study was for textile
workers.6:23:28,32,38,39

‘Physical, chemistry and engineering science technicians’, and
‘machinery operators in the manufacture of dyes and pigments’
showed the strongest associations among men in the present
study. The latter group included workers potentially exposed to
pigments and anilines. Some of these compounds are aromatic
amines, known to be pancreatic carcinogens in animal models,
and it has been suggested that they may play a role in human
pancreatic cancer as well.®® Mack et al.” also reported an RR
above 2 (95% CI:0.9-5.2) in workers handling dyes and,
within a cohort of workers processing synthetic resins,’? an OR
of 7 (P < 0.05) was detected among those employed for more
than 16 years in vinyl and polyethylene production. Further-
more, in a Finnish study,® a cluster of six cases (and no
referents: indeterminate OR, P =0.0004) was observed when
pooling the similar branch categories ‘synthetic resins, plastic
materials and synthetic rubber’ and ‘plastic products not
elsewhere classified’. Male and female Finnish hairdressers may
also be at increased risk.”!

We also observed an association with ‘metal moulders and
welders and related workers’. A recent case-control study in
China>8 reported a threefold increased risk for pancreatic can-
cer among plumbers and welders. Similarly, Norell et al?! found
an increased OR for pancreatic cancer in individuals exposed to
welding materials, although not in welders. The association
found among painters in our study could be due to exposure to
some pigments or to solvents. Some studies®>! have seen an
excess of pancreatic cancer among painters, whereas others
have not.”>73

Weak associations were apparent for different job titles
related to building construction. Other studies have reported
increased risks among cement finishers,>74 bricklayers,>*
cranemen and derrickmen,23'34'75 and construction workers.>876
Another association observed in the present study, although
weak, concerns ‘general managers’. Studies that made similar
observations have invoked chance or methodological
caveats,®?8 since no explanation was forthcoming.

Occupations that showed an increased risk when considering
long duration of exposure were also found to increase risk in
the period 5-15 years before the diagnosis. This period is
deemed critical in pancreatic carcinogo’:nesis.l'9_1 1,46

The presence of heterogeneous exposures to agents in
relatively broad occupational groups is another limitation of job
title-based studies. Analyses based on an assessment of
occupational histories by industrial hygienists are the subject of
a separate report.”’

Additional methodological issues should be considered in the
interpretation of the results. Most pancreatitis is due to alcohol
abuse or to obstruction of the pancreatic ducts.”® Occupation
plays a small or null role in the aetiology of the pathologies of
(:ontrols,77_81 more than half of whom suffered from chronic or



acute pancreatitis. The possibility that pancreatitis increases the
risk of pancreas cancer or that the two entities share some risk
factors, 1982784 would tend to mask the associations. However,
after excluding from the referent group patients with
pancreatitis, risk estimators were hardly modified. Also, the
main results were adjusted for alcohol and smoking. The main
advantag6585_87 of using subjects with other pathologies
included in the PANKRAS II Study as a referent group are: (1)
a decrease in potential interviewer bias, (2) economic efficiency,
and (3) an increase in the specificity of the relationship between
the exposure of interest and pancreatic cancer (versus other
pancreatic diseases). Furthermore, because of the diagnostic
suspicion criterion for entry into the study, all cases and refer-
ents followed a highly similar referral and diagnostic pathway;
this maximized the likelihood that all subjects stemmed from a
common study base. Other important case-control studies on
pancreatic cancer and occupation used hospital controls,>2
cancer Controls,lﬁ'22 or both.28

A main strength of the study is that around 90% of subjects
had occupational data. In addition, over 90% of interviews in
cases and controls were performed directly with the patient.
These figures are seldom achieved in pancreatic cancer, and are
a consequence of the prompt identification of cases with
putative diagnoses.

The diversity of occupations assessed may raise two concerns.
First, in some occupations the number of exposed cases was
low, which yielded some imprecise estimates and precluded
examination of exposures related to the aluminium
industry”'36 and dry Cleaning.9 It was also impracticable to
explore interactions among occupations and lifestyle factors.
Interactions may be particularly relevant for occupational
compounds with a potential to act as tumour promoters.*346
The second concern is multiple testing. To minimize this, our
analyses were closely linked to substantive hypotheses and
results from previous studies.

This report stems from the first study investigating the role of
occupation in pancreatic cancer in Spain. The observed asso-
ciations are in accordance with results from previous studies. In
spite of the study limitations, the increases in risk observed in
agricultural and textile workers in women, and for men
working in the manufacture of dyes and pigments may deserve
further attention.

Acknowledgements

The authors are indebted to the following colleagues:
S Costafreda, J Gomez, L Ruiz, M Soler, JL Pinol, AM Garcia,
E Orts, P Barbas and L Espanol. Warm thanks are also due to
DJ MacFarlane and A ‘t Mannetje for helping with earlier
versions of the manuscript. Partly funded by research grants
from Fondo de Investigacion Sanitaria (92/0007, 95/0017 and
97/1138), Fundacién Salud 2000, MSD Spain and Generalitat
de Catalunya (CIRIT 1999 SGR 00241 and 1998 / BEAi
400011).

References

! Anderson KE, Potter JD, Mack TM. Pancreatic cancer. In: Schottenfeld
D, Fraumeni JF Jr (eds). Cancer Epidemiology and Prevention. 2nd Edn.
New York: Oxford University Press, 1996, pp.725-71.

OCCUPATION AND PANCREATIC CANCER IN SPAIN 1011

2 Ferraroni M, Negri E, La Vecchia C, D’Avanzo B, Franceschi S.
Socioeconomic indicators, tobacco and alcohol in the aetiology of
digestive tract neoplasms. Int J Epidemiol 1989;18:556—62.

3 Fernandez E, La Vecchia C, Decarli A. Attributable risks for pancreatic
cancer in Northern Italy. Cancer Epidemiol Biomarkers Prev 1996;5:
23-27.

4 Ojajarvi IA, Partanen TJ, Ahlbom A ef al. Occupational exposures and
pancreatic cancer: a meta-analysis. Occup Environ Med 2000;57:
316-24.

> Mack TM, Peters JM, Yu MC, Hanisch R, Wright WE, Henderson BE.
Pancreas cancer is unrelated to the workplace in Los Angeles. Am J Ind
Med 1985;7:253-66.

6 Partanen T, Kauppinen T, Degerth R et al. Pancreatic cancer in
industrial branches and occupations in Finland. Am J Ind Med
1994;25:851-66.

7 Pietri E Clavel F. Occupational exposure and cancer of the pancreas:
a review. Br J Ind Med 1991;48:583-87.

8 Kernan GJ, Ji BT, Dosemeci M, Silverman DT, Balbus J, Zahm SH.
Occupational risk factors for pancreatic cancer: a case-control study
based on death certificates from 24 US. states. Am J Ind Med
1999;36:260-70.

9Weiderpass E, Partanen T, Kaaks R et al. Pancreatic cancer:
occurrence, trends, and environmental etiology. A review. Scand J
Work Environ Health 1998;24:165-74.

10 Boyle P, Maisonneuve P, Bueno de Mesquita B et al. Cigarette smoking
and pancreas cancer: a case-control study of the SEARCH programme
of the IARC. Int J Cancer 1996;67:63-71.

Il'sjlverman DT, Dunn JA, Hoover RN ef al. Cigarette smoking and
pancreas cancer: a case-control study based on direct interviews.
J Natl Cancer Inst 1994;86:1510-16.

12 gjlverman DT, Brown LM, Hoover RN ef al. Alcohol and pancreatic
cancer in blacks and whites in the United States. Cancer Res
1995;55:899-905.

13 Garabrant DH, Held J, Langholz B, Peters JM, Mack TM. DDT and
related compounds and risk of pancreatic cancer. J Nat! Cancer Inst
1992;84:764-71.

14 Alavanja MCR, Blair A, Masters MN. Cancer mortality in the US flour
industry. J Natl Cancer Inst 1990;82:840-49.

15 Blair A, Dosemeci M, Heineman EF. Cancer and other causes of death
among male and females farmers from twenty-three states. Am J Ind
Med 1993;23:729-42.

16 Cantor KP, Silberman W. Mortality among aerial applicators and flight
instructors: followup from 1965 through 1988. Am J Ind Med
1999;36:239-47.

17 Cerhan JR, Cantor KP, Williamson K, Lynch CE Torner JC, Burmeister
LE Cancer mortality among Iowa farmers: recent results, time trends,
and lifestyle factors (United States). Cancer Causes Control 1998;9:
311-19.

18 Figa-Talamanca I, Mearelli I, Valente P, Bascherini S. Cancer mortality
in a cohort of rural licensed pesticide users in the province of Rome.
Int J Epidemiol 1993;22:579-83.

19 Borastiere F Quercia A, Miceli M et al. Cancer among farmers in
central Italy. Scand J Work Environ Health 1993;19:382-89.

20 Friedman GD, Van den Eeden S. Risk factors for pancreatic cancer: an
exploratory study. Int J Epidemiol 1993;22:30-37.

21 Fryzek JP, Garabrant DH, Harlow SD et al. A case-control study of self-
reported exposures to pesticides and pancreas cancer in southeastern
Michigan. Int J Epidemiol 1997;72:62-67.

22 Kauppinen T, Partanen T, Degerth R, Ojajarvi A. Pancreatic cancer
and occupational exposures. Epidemiology 1995;6:498-502.

23 Milham S Jr. Occupational Mortality in Washington State. NIOSH Pub No.
83-116. Washington, DC: US Government Printing Office, 1983.



1012 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

24 Siemiatycki J, Gerin M, Dewar R et al. Associations between
occupational circumstances and cancer. In: Siemiatycki J (ed.). Risk
Factors for Cancer in the Workplace. Boca Raton: CRC Press, 1991,
pp.141-295.

25Bond GG, Shellenberger RJ, Fishbeck WA et al. Mortality among a
large cohort of chemical manufacturing employees. J Natl Cancer Inst
1985;75:859-69.

26 Hearne FT, Grose F, Pifer JW. Methylene chloride mortality study:
dose-response characterization and animal model comparison. J Occup
Med 1987;29:217-28.

27 Constantini A, Paci E, Miligi L. Cancer mortality among workers in
the Tuscan tanning industry. Br J Ind Med 1989;46:384-88.

28 pietri E Clavel E Auquier A. Occupational risk factors for cancer of
the pancreas: a case-control study. Br J Ind Med 1990;47:425-28.

29 7oloth SR, Michaels DM, Villalbi JR. Patterns of mortality among
commercial pressmen. J Nat! Cancer Inst 1986;76:1047-51.

30 Anttila A, Pukkala E, Riala R, Sallmen M, Hemminki K. Cancer
incidence among Finnish workers exposed to aromatic hydrocarbons.
Int Arch Occup Environ Health 1998;71:187-93.

31 Norell SE, Ahlbom A, Olin R. Occupational factors and pancreatic
cancer. Br J Ind Med 1986;43:775-78.

32 Falk RT, Pickle LW, Fontham ET. Occupation and pancreatic cancer
risk in Louisiana. Am J Ind Med 1990;18:565-76.

33 Hansen ES. Mortality of auto mechanics. A ten- year follow up. Scand
J Work Environ Health 1989;15:43-46.

34 Mallin K, Rubin M, Joo E. Occupational cancer mortality in Illinois
white and black males, 1979-1984 for seven cancer sites. Am J Ind
Med 1989;15:699-717.

35 Mur JM, Moulin JJ, Meyer-Bisch C, Massin N, Coulon JP, Loulergue
J. Mortality of aluminium reduction plant workers in France. Int J
Epidemiol 1987;16:257—64.

36 Rockette HE, Arena VC. Mortality studies of aluminium reduction
plant workers: Portroom and carbon department. J Occup Med 1983;
25:549-57.

37 Silverstein M, Park R, Marmor M. Mortality among bearing plant
workers exposed to metal-working fluids and abrasives. J Occup Med
1988;30:706-14.

38 54 BT, Silverman DT, Dosemeci M, Dai Q, Gao YT, Blair A. Occupation
and pancreatic cancer risk in Shanghai, China. Am J Ind Med 1999;
35:76-81.

39 Olsen JH, Jensen OM. Occupation and risk of cancer in Denmark. An
analysis of 93810 cancer cases, 1970-1979. Scand J Work Environ
Health 1987;13(Suppl.1):S1-S91.

40poll R, Peto R. The Causes of Cancer. Quantitative Estimates of Avoidable
Risks of Cancer in the United States Today. London: Oxford University
Press, 1981.

41 Gonzalez CA, Agudo A. Occupational cancer in Spain. Environ Health
Perspect 1999 107(Suppl.2):S273-S277.

42 Fernandez E, La Vecchia C, Porta M, Negri E, Lucchini F Levis F.
Trends in pancreatic cancer mortality in Europe, 1955-1989. Int J
Cancer 1994;57:786-92.

4 Porta M, Malats N, Alguacil J, Soler M, Rifa J. La bisqueda de factores
de riesgo para el cancer de pancreas: practica, paciencia y paradigmas
[The search for risk factors for pancreatic cancer: practice, patience
and paradigms]. Gastroenterol Hepatol 1997;20:259-273.

44 Gavalda L, Porta M, Malats N ef al. Agreement between patient and
surrogate reports on medical history, consumption of tobacco, alcohol
and coffee, and diet in cancers of exocrine pancreas and the
extrahepatic biliary system. Gac Sanit 1995;9:334-42.

45 porta M, Costalreda S, Malats N ef al. Validity of the hospital discharge
diagnosis in epidemiologic studies of biliopancreatic pathology. Eur J
Epidemiol 2000;16:533-41.

46Pporta M, Malats N, Jariod M ef al. Serum levels of organochlorine
compounds and K-ras mutations in exocrine pancreatic cancer. Lancet
1999;354:2125-29.

47 Soler M, Malats N, Porta M et al. Medical conditions in patients with
pancreatic and biliary diseases: validity and agreement between data
from questionnaires and medical records. Dig Dis Sci 1999;44:2469-77.

48 porta M, Malats N, Guarner L ef al. Association between coffee
drinking and K-ras mutations in exocrine pancreatic cancer.
J Epidemiol Community Health 1999;53:702-09.

49Soler M, Porta M, Malats N ef al. Learning from case-reports: diag-
nostic issues in an epidemiologic study of pancreatic cancer. J Clin
Epidemiol 1998;51:1215-21.

50 Armitage P, Berry G. Statistical Methods in Medical Research. 3rd Edn.
Oxford: Blackwell, 1994.

2 Siegel S, Castellan NJ Jr. Nomparametric Statistics for the Behavioral
Sciences. New York: McGraw-Hill, 1988.

52 paton A, Saunders JB. ABC of alcohol. Br Med J 1981;283:1248-50.

53 Schlesselman JJ, Stolley PD. Case-control Studies. Design, Conduct,
Analysis. New York: Oxford University Press, 1982, pp.174-77.

>4 Acquavella J, Olsen G, Cole P et al. Cancer among farmers: a meta-
analysis. Ann Epidemiol 1998;8:64-74.

55Amoa‘[eng—Adjepong Y, Sathiakumar N, Delzell E, Cole P. Mortality
among workers at a pesticide manufacturing plant. J Occup Environ
Med 1995;37:471-78.

56 Brown DP. Mortality of workers employed at organochlorine pesticide
manufacturing plants—an update. Scand J Work Environ Health
1992;18:155-61.

57 Coggon D, Pannett B, Winter PD. Mortality and incidence of cancer at
four factories making phenoxy herbicides. Br J Ind Med 1991;48:
173-78.

58 Ditraglia D, Brown DP, Namekata T, Iverson N. Mortality study of
workers employed at organochlorine pesticide manufacturing plants.
Scand J Work Environ Health 1981;7(Suppl.4):5S140-46.

59 Ribbens PH. Mortality study of industrial workers exposed to aldrin,
dieldrin and endrin. Int Arch Occup Environ Health 1985;56:75-79.

60 Wong O, Brocker W, Davis HV. Mortality of workers potentially
exposed to organic and inorganic brominated chemicals, DBCP, TRIS,
PBB, and DDT. Br J Ind Med 1984;41:15-24.

61 Garabrant DH, Held J, Homa D. DDT and pancreatic cancer. Response
to Malats et al. J Natl Cancer Inst 1993;85:328-29.

62 Lyon JL, Robinson LM, Moser R Jr. Uncertainty in the diagnosis of
histologically confirmed pancreatic cancer cases. Int J Epidemiol
1989;18:305-08.

63 Malats N, Real FX, Porta M. DDT and pancreatic cancer. J Natl Cancer
Inst 1993,;85:328.

64 porta M, Malats N, Pifol JL, Rifa J, Andreu A, Real FX, for the
PANKRAS I Project Investigators. Diagnostic certainty and potential
for misclassification in exocrine pancreatic cancer. J Clin Epidemiol
1994;47:1069-79.

65porta M, Malats N, Pifiol JL, Real EX, Rifa J. Relevance of mis-
classification of disease status in epidemiologic studies of pancreatic
cancer. Response to Silverman et al. J Clin Epidemiol 1996;49:603.

66 Silverman DT, Schiffman M, Devesa S. Diagnostic certainty in exo-
crine pancreatic cancer. J Clin Epidemiol 1996;49:601-03.

67 Moysich KB, Mendola P, Schisterman EF ef al. An evaluation of
proposed frameworks fror grouping polychlorinated biphenyl
congener data into meaningful analytic units. Am J Ind Med
1999;35:223-31.

68 [ aden F, Hunter DJ. Environmental risk factors and female breast
cancer. Annu Rev Public Health 1998;19:101-23.

69 Anderson KE, Hammons GJ, Kadlubar FF ef al. Metabolic activation of
aromatic amines by human pancreas. Carcinogenesis 1997;18:1085-92.



70 Selenskas S, Teta MJ, Vitale JN. Pancreatic cancer among workers
processing synthetic resins. Am J Ind Med 1995;28:385-98.

71 pukkala E, Nokso-Koivisto P, Roponen P. Changing cancer risk pattern
among Finnish hairdressers. Int Arch Occup Environ Health 1992;
64:39-42.

72 Bethwaite PB, Pearce N, Fraser J. Cancer risk in painters: study based
on the New Zealand Cancer Registry. Br J Ind Med 1990;47:742-46.

73 International Agency for Research on Cancer (IARC). Some organic
solvents, resin monomers and related compounds, pigments and
occupational exposures in paint manufacture and painting. IARC
Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to
Humans, Vol. 47. Lyon: IARC, 1989.

74 petersen GR, Milham S Jr. Occupational Mortality in California 1959-61.
NIOSH Pub. No. 80-104. Washington, DC: US Government Printing
Office, 1980.

75 Howe GR, Lindsay JP. A follow-up study of a ten-percent sample of
the Canadian labor force. I. Cancer mortality in males, 1965-73. J Natl
Cancer Inst 1983;70:37-44.

76 williams RR, Stegens NL, Goldsmith JR. Associations of cancer site
and type with occupation and industry from the Third National
Cancer Survey Interview. J Natl Cancer Inst 1977;59:1147-85.

77 Alguacil J, Kauppinen T, Porta M et al. Risk of pancreatic cancer and
occupational exposures in Spain. Ann Occup Hyg 2000;44:391-403.

78 Steer ML, Waxman I, Freedman S. Chronic pancreatitis. N Engl J Med
1995;332:1482-89.

OCCUPATION AND PANCREATIC CANCER IN SPAIN 1013

79Fleming LE. Unusual occupational gastrointestinal and hepatic
disorders. Occup Med 1992;7:433-48.

80 Hotz P, Pilliod J, Bourgeois R, Boillat MA. Hydrocarbon exposure,
pancreatitis, and bile acids. Br J Ind Med 1990;47:833-37.

81 Orbaek P, Risberg J, Rosen I et al. Effects of long-term exposure to
solvents in the paint industry. A cross-sectional epidemiologic study
with clinical and laboratory methods. Scand J Work Environ Health
1985;11(Suppl.2):S1-S28.

82 Fernandez E, La Vecchia C, Porta M, Negri E, D’Avanzo B, Boyle P.
Pancreatitis and the risk for pancreatic cancer. Pancreas 1995;11:
185-89.

83 Foster JR, Idle JR, Hardwick JP Bars R, Scott P, Braganza JM.
Induction of drug-metabolizing enzimes in human pancreatic cancer
and chronic pancreatitis. J Pathol 1993;169:457-63.

84 McNamee R, Braganza JM, Hogg J, Leck I, Rose P, Cherry NM.
Occupational exposure to hydrocarbons and chronic pancreatitis: a
case-referent study. Occup Environ Med 1994;51:631-37.

85 pearce N, Checkoway H. Case-control studies using other diseases as
controls: problems of excluding exposure-related diseases. Am J
Epidemiol 1988;127:851-56.

86 Smith AH, Pearce NE, Callas PW. Cancer case-control studies with
other cancers as controls. Int J Epidemiol 1988;17:298-306.

87 Wacholder S, Silverman DT, McLaughlin JK, Mandel JS. Selection of
controls in case-control studies. II. Types of controls. Am J Epidemiol
1992;135:1029-41.



